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Abstract 
Teachers need to be equipped with various knowledge and skills to establish and maintain effective teaching environments that 
enable them to enhance students’ understanding and learning. Knowledge of students is one of the components of teachers’ 
professional knowledge and it is defined as teachers’ knowledge of what mathematical concepts are difficult for students to 
grasp, which concepts students typically have misconceptions about, possible sources of students’ errors, and how to eliminate 
those difficulties and misconceptions. 
The purpose of the study was to investigate the nature of preservice mathematics teachers’ knowledge of students. Six preservice 
teachers participated in the study and the data were collected in the forms of observations, interviews and written documents. The 
findings revealed that preservice teachers had difficulty in both identifying the source of students’ misconceptions, and errors and 
generating effective ways to eliminate such misconceptions. They frequently failed to recognize what conceptual knowledge the 
students were lacking and they inclined to address students’ errors by telling how to carry out the procedure or apply the rule to 
solve the given problem correctly. Therefore, preservice teachers should be given opportunities 1) to take content-specific 
courses that they have opportunity to discuss fundamental high school mathematics concepts in detail to gain a solid 
understanding of how mathematical concepts are related and why mathematical rules and procedures work and 2) to analyze an 
act of teaching by watching videos of classrooms or discussing a student work and classroom cases to determine how to address 
students’ errors and misconceptions. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Many scholars agree that the major goal of teacher education programs is to help preservice teachers improve 
their knowledge of and skills for effective teaching through coursework and practice (e.g., Borko & Putnam, 1996; 
Fennema & Franke, 1992). Teacher education programs heavily provide content and general pedagogy courses to 
support the development of preservice teachers’ subject-matter and pedagogical knowledge. However, teachers not 
only need to possess knowledge of subject-matter and pedagogy but also knowledge of curriculum, students, 
instructional tools, and assessment and be able to interweave them effectively (Borko & Putnam, 1996; Shulman, 
1986). Content-specific methods courses are conceived as an arena for preservice teachers to develop their ability of 
interweaving all types of knowledge for effective teaching. In such courses, preservice teachers could discuss 
whether a particular topic is difficult or easy for students, what learning goals are defined for that topic in the 
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curriculum, what teaching strategies and instructional tools facilitate students’ learning and understanding, how to 
tailor the instruction to address the needs’ of the students and how to assess students’ understanding. In fact, 
preservice teachers could develop, what Shulman (1986) called, their pedagogical content knowledge (PCK) in the 
methods courses (Ball, 1991; Grossman, 1990).  
Shulman (1986) defined PCK as teachers’ knowledge of representations, analogies, examples, and 
demonstrations to make a subject matter comprehensible to students. It involves knowledge of specific topics that 
might be easy or difficult for students and possible conceptions or misconceptions that student might have related to 
the topic. Although many scholars agreed that PCK is a special knowledge base for effective teaching, they have 
different views about what constitutes PCK (Gess-Newsome, 1999). However, in most studies, knowledge of 
subject-matter, knowledge of pedagogy, knowledge of curriculum and knowledge of students are accepted to be the 
components of it (e.g., An, Kulm, & Wu, 2004; Grossman, 1990; Hill, Ball, & Schilling, 2008; Marks, 1990). That 
is, for effective teaching teachers need to know their subject-matter very well and use appropriate teaching strategies 
and instructional tools aligned with the curriculum to enhance students’ understanding. They also need to know 
characteristics  of  a  particular  group  of  students  such  that  what  they  know  or  do  not  know  and  what  teaching  
practices are more appropriate for them and what common misconceptions they are likely to have or errors they 
frequently do.  
Because PCK is directly related to the act of teaching, it is assumed to be developed as teachers gain more 
experience in teaching (Borko & Putnam, 1996; Calderhead, 1996). However, the studies on teacher education 
programs reveal that the methods course and field experiences are likely to contribute to the development of PCK to 
some extent (Ball, 1991; Graeber, 1999; Grossman, 1990; van Driel, de Jong, & Verloop, 2002). There is no widely 
accepted instrument developed to measure teachers’ PCK but researchers could learn about the nature of teachers’ 
PCK through classroom observations, structured interviews, questionnaires, and journals (e.g., An, Kulm, & Wu, 
2004; Even & Tirosh, 1995; Marks, 1990). Therefore, I aimed to investigate the development of preservice teachers’ 
PCK, specifically knowledge of students in the methods course and field experiences.  
Based  on  the  scholars’  views  and  the  studies  about  the  nature  of  PCK  (e.g.,  Ball,  Thames,  &  Phelps,  2008;  
Grossman, 1990; Shulman, 1986), I decided to accept PCK has four components: knowledge of subject-matter, 
knowledge of pedagogy, knowledge of students, and knowledge of curriculum. I defined knowledge of students as 
teachers’ knowledge of what mathematical concepts are difficult for students to grasp, which concepts students 
typically have misconceptions about, possible sources of students’ errors, and how to eliminate those difficulties and 
misconceptions. 
2. Methodology 
I used a qualitative design in my study. The main sources of data were a questionnaire, observations, preservice 
teachers’ written work and interviews. I observed the mathematics methods course for preservice secondary teachers 
and its associated field experience in fall 2008 at a large public university in the southeastern United States. I took 
field notes and collected any written and electronic documents used in the methods and field experience courses. I 
also took a copy of preservice teachers’ assignments. The methods course was not designed for conveying a special 
purpose but the preservice teachers discussed several issues about teaching and learning mathematics such as 
planning instruction, promoting discourse, using manipulatives, and assessment. Their field experience consisted of 
four visits to schools, and they wrote field reports on teachers’ questioning techniques, the cognitive demand of the 
tasks, the assessment tools, and students’ mathematical thinking.  
Among 29 preservice teachers, I chose 6 representative students as my participants based on a questionnaire 
administered at the beginning of the semester. The questionnaire consisted of items that the preservice teachers 
ranked how they perceived their level of knowledge for each component of PCK. According to their answers on the 
questionnaire, I categorized them as having high, medium, or low perceived levels of PCK and chose 2 preservice 
teachers from each category as the participants of the study. I conducted three interviews with each participant 
throughout the semester.  
I analyzed the interview transcripts, field notes, and assignments and then coded them. Because I defined 
knowledge of students as teachers’ repertoire of students’ misconceptions and difficulties in mathematics and their 
ability to eliminate them effectively, I used the following coding scheme: The preservice teachers either diagnosed 
all possible difficulties or misconceptions correctly, or diagnosed some of the possible difficulties or misconceptions 
(in the case of there were more than one) correctly, or could not diagnose the possible difficulties or misconceptions. 
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Then, they either suggested telling the rules and procedures to solve the given problem correctly, or suggested a 
reasonable way different than telling the rules or procedures to eliminate them. 
3. Results 
During the interviews, I used some content-specific tasks to understand the nature of preservice teachers’ 
knowledge of students. The tasks were involving incorrect solution of a given problem such that I asked for possible 
reasons underlying that incorrect solution and the ways of eliminating them. The most significant finding about the 
preservice teachers’ knowledge of students was their lack of ability to identify correctly the source of students’ 
difficulties and errors. They thought that students fail in mathematics because they do not know the procedures or 
rules to be applied or they apply them incorrectly. Therefore, they were inclined to address students’ errors by 
repeating how to carry out the procedures or explaining how to apply a rule rather than attempting to eliminate 
students’ conceptual flaws. That is, they mostly fell into categories of “diagnosed some of the possible difficulties or 
misconceptions correctly” and “suggested telling the rules and procedures to solve the given problem correctly.” 
During the second interview I showed preservice teachers student work where the student found the solution of 
the equation to be ± 3 by taking 18 x2 to the other side of equation and then dividing both sides by  2x2 (see Figure 
1). I asked them how they could explain that the solution is invalid. 
 
Look at the student work given below. How can you convince your student that his/her answer is invalid?  
           2x4-18x2 = 0 
                    2x4 = 18x2 
                      x2 = 9 
                      x =  ± 3 
Figure 1. The solving polynomial equations task. 
 
With the exception of one participant, the preservice teachers were unable to recognize the student’s error. They 
stated that they would tell the student that factoring is a better way to solve that equation because it will help you 
find all of the solutions, including zero. One of the participants told that he would tell the student that before 
cancelling out the x terms you need to make sure that x is not zero. The preservice teachers’ approaches to this 
problem revealed that they were unable to recognize the gap in students’ understanding of solving polynomial 
equations. Instead, they merely focused on the procedural steps and suggested another method that they were sure 
would yield all solutions.  
In the third interview, I asked the preservice teachers how they could help a student who made a mistake when 
solving inequalities by not changing the direction of the inequality after dividing the coefficient of the x term by a 
negative number (see Figure 2). All participants stated that they would tell the student that when dividing by a 
negative number you need to flip the inequality sign. To convince the student that the answer was incorrect they 
would ask her to check the reasonableness of the result by assigning a value from the solution set to x. Although all 
of them were aware of that there was a mathematical explanation for why they need to change the inequality sign 
except one participant, they failed to state it clearly. 
 
Look at each of the student work given below. How can you explain to the student that his or her solution is incorrect?   
                -2x+5 d x-1 
                    -3x d -6 
                        x d 2 
Figure 2. The solving inequalities equations task. 
 
Three of the preservice teachers suggested graphing the given inequality to justify changing the direction of the 
inequality but they neither explained why it would be mathematically valid nor it would be convincing for the 
student. However, one participant explained the reason behind the procedure clearly. She pointed out the fact that if 
a  number  is  less  than  a  negative  number,  then  it  is  itself  a  negative  number.  Thus,  she  concluded  that  -3x  is  a  
negative number. Then she referred back to the multiplication of integers and noted that the product of two numbers 
Hulya Kilic / Procedia Social and Behavioral Sciences 9 (2010) 1096–1100 1099
is negative if and only if one of the numbers is negative. Because -3 is negative, x would be a positive number. It is 
also greater than or equal to 2 because when -3 is multiplied by a number greater than 2, say 5, it should be still less 
than -6. Also, she implicitly stated that x cannot be a negative number; otherwise the inequality would not be valid 
because -3x would be a positive number. 
In some cases, the preservice teachers said they would ask the students to explain their solutions first in order to 
help students assess their own understanding and realize their mistakes. For instance, I gave a student work that the 
student randomly simplified variables and numbers in the rational expression (see Figure 3). All preservice teachers 
told me that at first they would ask the student why she simplified the expression in that way and then tell her that a 
term cannot be simplified when it is associated with another term through addition or subtraction. 
 
Look at the student work given below. How can you explain to the student that his or her solution is incorrect?   
                  3332
23
332
23
y3
y62
yxxy3
xy6yx2
yxxy3
xy6yx2

 
 

 
Figure 3. The simplifying rational expressions task. 
 
They noted that depending on the student’s answer they would tell the rule of simplifying rational expressions 
such that the numerator and the denominator should be written in factored form before cancelling the common 
terms. Some of them suggested using an example to convince the student that her reasoning was invalid. One of the 
suggestions was to rewrite the given expression in the form of subtraction of two fractions (i.e. (a-b)/(c+d)=a/(c+d)-
b/(c+d)) and then apply the student’s method of simplification onto the terms of each fraction. Then the new terms 
would be combined together but the result would be different from what the student got initially.  
The three cases given above revealed that the preservice teachers were looking for any way to convince the 
student that her solution was wrong and stressing using mathematical rules to solve it correctly. However, such 
attempts would be a temporarily solution for the students’ difficulties and misconceptions because they still might 
not know why those rules are true or how to apply them in different cases. Therefore, preservice teachers should 
make sure that their explanations help students get rid of their misconceptions and eliminate their difficulties 
completely.  
4. Conclusion 
This study investigated how preservice teachers’ knowledge of students was developed in the methods course and 
its associated field experiences. The preservice teachers participated in this study discussed various subjects such as 
planning instruction, teaching strategies, assessing students’ understanding, and using manipulatives in the methods 
course. During the field experiences, they had opportunity to observe what instructional strategies and materials 
teachers were using, how students were performing on the tasks, and how teachers were assessing students’ 
understanding. Therefore, they had a chance to make connections between the issues they discussed in the methods 
course and how those issues played out in a classroom environment. However, they were unable to make inferences 
from their course practices and field experiences when they were given content-specific tasks about students’ 
misconceptions, difficulties and errors.  
Most probably the preservice teachers did not internalize their experiences in the methods course and field 
experiences and use them an asset for their teaching. It might be because of lack of opportunities to be a practitioner 
to transfer their learning from the course to the act of teaching. Tamir (1988) noted that microteaching activities 
provide an arena for preservice teachers to practice what they have learned in the methods course and help the 
development of their PCK. The preservice teachers in this study had only one opportunity to engage in 
microteaching and found it valuable, so the practice of microteaching might be used more extensively in methods 
courses.  
The preservice teachers’ explanations for the content-specific questions also revealed that their knowledge of 
subject-matter and pedagogy had an impact on their knowledge of students. Because their subject-matter knowledge 
is mostly procedural they could not recognize the conceptual flaws underlying students’ errors. They viewed telling 
rules and procedures as a medium of helping students understand mathematics because they did not have rich 
repertoire of teaching strategies. Furthermore, the findings of this study were supported by other studies on teachers’ 
knowledge of students (e.g., Ball, Thames, & Phelps, 2008; Even & Tirosh, 1995) such that the preservice teachers 
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lacked knowledge of students’ mathematical thinking. They did not know much about what problems students might 
have when learning a specific topic nor different ways of helping students overcome their difficulties and 
misconceptions.  
The findings revealed that the methods course and field experiences were essential but not enough to develop 
preservice teachers’ knowledge of students because the knowledge of subject-matter and pedagogy was influential 
on their answers for content-specific questions. Therefore, in order to promote preservice teachers’ knowledge of 
students we need to strengthen their subject-matter and pedagogical knowledge. The preservice teachers should be 
given opportunities to study some fundamental high school mathematics concepts in content-specific courses such 
that they discuss the foundations of those concepts and explore the relationships between them. To strengthen 
pedagogical knowledge, in the methods course preservice teachers might be asked to watch videos of some 
classroom settings to discuss teaching practices and analyze student work to explore the nature of students’ thinking. 
They also should be encouraged to work with student one-to-one manner to learn more about students’ thinking and 
their possible difficulties and misconceptions.  
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